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Keywards:
Conventional crude distillation system to make crude lighter and white
oil is theoretically wrong.

1) Introduction

Since the "day onc", crudc had bcen distilled at first stage, nobody
except author has found out the defects-of system.

Author had appecalcd HSP, that is, HydroStripping Process world wide
since 1981. This concept was prcscnted in Hydrocarbon Processing
Scptember1981(1) , that is, trecating crude with hydrogen rich gas for
thc subscquent vapor phasc HDS. Rccently, many data havc bcen
obtainecd and found out the following points.

(1) Distillatc arc not final products, which mcans it is against 2nd law of
cnergy, that is, increcasing cntropy of the system.

There cxists a possibility in saving cnergy of the system.

(2) Distillate contain S-Compounds which arc ablc to play thec important
rolc in cracking of hcavicr portion in crude under hydrogen rich gas.

Therefore, distillation operation in first stage is wrong, csp., so when
refincr aims to producc white oil and lighter too much.

2) What is S-Compound cffect ?

S-Compounds in cach fraction such Naphtha, Gasoline, Kerocenc and Gas
Oil must bec scverely recduced to meet the stringent rcquest of
cnvironmental problem. However, such lighter fractions including S-
Compounds arc dispcrsed into crude and mixed with hecavier portion,
which fits thc best for hcavicr portion cracking under hydrogen and
hydrogen sulfidec at lower tempceraturc without catalyst.

S-Compounds in situ is considercd to be a good clectron absorber, ic,
hydrogen atom catcher which mcans hydrogen carrier to cracking
portion where S-Compounds promote under hydrogen, radical rcaction
of hcavicr portion on thc surface of mctal. Thecse phenomcna s
explained from following data.

For example, hydrogen sulfide was uscd for cracking of polypropylenc
under hydrogen pressure 3.0 MP at 673 K w/o cat. HyS was added to
this cxperiment 1.0vol%, where 97% of distillate product composcd of
Naphtha 53%, Kcrocenc 23%, Gas Oil 19% with 2% gas portion wcre
obtaincd after 1hr on auto-clave test while no addition case showed
only 35% distillate and 40% hcavicr oil and solid state 20% with 5% gas
portion. - rom Journal of JPI Young Socicty.

This catalytic activity of H2S is cxplained as wall effect of auto-clave
mectal surface, composcd of 18 Cr-8Ni and Fe oxide, which was
discovered by Dr. Nakamura, PhD., Fujimoto's room, Tokyo Univcrsity,

H2S is s0 active that it is uscd as a detective reagent for in-organic
Compounds in chemical analysis. This rcsult may be plausiblc such as
sulfiding opcration in HDS where H2S or CS2 arc uscd for activation of
catalyst surfacc at start-up.
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The importance of this experiment is not only showing the possibility of
heavicr, asphaltenic and resinic portion reduction

but also proposing ncw phasc for theoretical approach of hydrocracking
including actual industrial application. .

H2S may turn to HS- + H*Y or so in situ, above 403 K on the transit
mectals., where proton move so fast following thermal and frec clectron
from wall, or HC that it docs not always nceds surface arca too wide for
activation.

Under rising temperaturc, there begin to cxist the unbalanced
distribution of clectron on HC. Ht is apt to go to radical portion of HC and
HS- gocs to aromatic portion, wherc they arc cut to be stabilized, that is,
cach portion become to be the most stable state., which can bc judged
from the work of Bergius and Picr before World War I1. Fig.1, Fig.2

Heavier portion is apt to stick the metal surface due to higher viscosity
and unbalanced distribution of clectron or so and rcady to crack after
absorbing thcrmal clectron and hydrogen

under acidic cnvironment by HaS or so at lower temperature.

The above can be uscd for explaining about lighter S-Compound

cffect because they are apt to procecd the metal surface and turn to
hydrogen donar or that carbenium ion such HS.-Compuunds after heated
up under hydrogen, transferred from in and out cluster on the metal
surfacc,which bccome radical, hydrite rich through protonation (2),
while heavier HC is stickey enough to be catched on the metal surface
and be cnforced to react with them.

H2S helps accclerate this transformation such as sulfiding on catalyst
where Mctal-Sulfur bridge is made on the surface .

H* approaches to S-molccule to make H-S compounds or so
while HS" gocs to aromatic compounds on the transit sulfided mectal.

Sulfur own cffect on coal liquidification reaction is wcll known,
cspecially, as bronsted acid, undcr hydrogen at above 703 K.
Some process nced no catalyst on coal liquefaction cxcept sulfur.

3) Opcration condition when trcated with hydrogen rich gas.
3)-1 Pressurc

Too much hydrogen donor is said to stop the radical rcaction
which also can be cxplaincd on the above figures (3).

Hydrogen donor can not transfer clectron too much, they cap the cut
point and become stabilized by themsclves, that is,

only beccomc aromatic compounds, which mecans no nced of high
pressurc hydrogen for hydrocracking of crude. Hydrogen partial
pressurc is cstimated from crude specification, PONA, C/H ratio and
mctals contcnts. 2 or3 MP is enough to kecp HS-» galvanic hydro-
sulfidc state.

Hydrogen donor is rcduced at somc rate at Desalter becausc Fe-Cl
compounds have such ability (4). So, Dcsalter must be installed to

reduce Cl, sea water for anti-corrosion and for hydrogen donor.

Radical rcaction is also interrupted by cation so that cation should be
trapped by anion, esp., Sulfur Compounds .
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3)-2 Temperature

The reaction temperature is very sensitive because it depends

on products spec., to be produced and on its mechanism of reactions.
Hydrogenation is exothermic and thermal cracking is endothermic.
Where at fower temperature, the former reaction is forwarded while
heavier portion is just to be cracked under hydrogen on sulfided metals
to naphtha and' S Compound by Ht, HS- and then’

at higher temperaturc, the latter reaction is overlapped. Fig. 3

4) The meaning of mixturc of heavier oil and lighter oil is as follows.
4)-1 S-Compounds around the heavier cluster become electron,
hydrogen deposits when the condition of reaction reach the some level,

they will start cracking rcaction as catalytic, rcactive points.

4)-2 The rcactant are transferred through solvent around cluster. But

clectron rich radical is transferrcd to heavier unstable portion and,

continuc cracking the rcmaining heavier portion at above said dcposit
points.

4)-3 Elcctronic cquivalence of hcavicr portion scems zcro at glance, is
very changeable, unstable , decpending on around condition so that cven
slight lightcr portion can makc bcetter rcaction condition to crack such
as solvent cffect which dispcrsc hcavier portion wider and make it
diffcrential parts to separate electronically and help radical approach to
right points.

4)-4 Too much condensed state such carbonaccous asphaltenc, resin and
mctals complex should bec avoided bccausc thcy arec promoting thcir
familiar components production when making white oil, cven burning
oil to mect such as CAAA in US.A..

4)-5 Rccently, solublec mctal compounds have been informed to cxert
much more catalytic activity in coal liqucfaction (5).

Thercfore, without catalyst, morc prcferable reactive ficld may be
obtained in lighter crude oil which contents mctal compounds.

Because only catalyst is solid and interrupt mixing cffect, transfer of
hcat and ctc. whilc hydrogen partial pressurce, sulfur compounds, transit
mctal's surfacc and tcmpcraturc arc indispcnsable factors.

5) Conclusion

From thcrmodynamic, chcmical rcactionary and clectrical equivalent
points of vicw, - cxisting atmosphecric distiilation is of problem, not
cconomical when refiner nced white oil and light oil too much.

Conventional refincry system is of try and crror concerned technology,
cxperimental technique. However, recent developed technology has

begun to reveal the intrinsic quality of such intricatc complex
compounds.

Tubes of heat cxchangers and pipc lines have enough surfacc to be
activated by H2S and S-Compounds with hydrogen, on alloy stecl.

This ncw concept, trcating crude with hydrogen rich gas lcads to
BottomlessRefinery, Jet Fuel and Naphtha Rich Refinery, thercfore,
Refiner should trcat the crude under hydrogen at first stage if
refiner want to obtain lighter and white oil too much at the lowest cost.
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Under hydrogen trecating and HDS combination, thiophene is not
produced. Hcavier residue Catalytic Cracking Process is not to be used
any more, the same as sweating process of lighter HC.

Ironically, S-Compounds are indispensable for hydrocracking, not
suitable for burning hydrocarbon, which leads us to contecmplate that
that mysterious, histrical birth of thc Earth. Wec¢ arc now struggling
against cnvironmental problem evoked by noble petrolecum, sulfur and
oxygen, aiming at sustainable economic development.

Reference only,

HS* may become H2S at high press H2 . There nceds some state  to be
maintained for rcaction ficld where HS- may continuc to deccomposc the
hcavier hydrocarbon like sharp knifc edge with H* and clcetron.

Typical reaction arc as follows.

H2S --- H¥ + HS- a  -eee-- Main Rcaction >403K
HS- + H2 --- H2S + H- b -e-e-- HDS Rcaction >473K
a+b

H2 --- H* + H- ¢

Thesc basically rcaction are procccded through or on the S-M bridge.
Each cquation decpcnds mainly on temperature and hydrogen pressure.
Equation ¢ is rarcly occurred and has not detccted so far.
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Dr. Kabe, 1983, trcated Taching Crude with hydrogen, CS2 as activator,
toluenc as solvent and catalyst Ni-Co-Al Oat 673 K

under hydrogen pressure 100 K/G, rcaction time 5 hr using autoclave.
No activator casec showed nothing paticular.

The result was residue 40% down, while Naphtha incrcascd 5 times
that is, 30 wt% and middlc increascd a little, 20 to 25 wt%.
Journal of JPI, Vol 26 No3 1983.
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Fig.1 shows the typical image

cut surfacc

Ht HS- sulfided composition is stabilized

lighter S Compound is made.

electron
transferrcd electron
portion removecd
portion
lighter portion where is cut is depends on the
is produced solvent spec, around the

heavicr

HC and on othcr condition such
Hcxanc solublel (Benzene tcmp or so.
and the like soluble or so

Hcat of hydrogcnation is ecnough to cut c-c bond at above
573K.

Produccd heat of hydrogcnation is transferred around lighter
solvent and / or activatc anothcer portion to be radical.

Fig.2 shows the typical image on mctal surface

Thermal clectron comes from
on the surfacc of metal hcated metal surfacc through
Metal-Sulfur bridge
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Elcctron procced and move to
aromatic Compounds which is
undcr lower electron density.

When electron become rich in
aromatic Compounds. H*can
just like sulfur coating casily approach and cut the

C=Cbonds after hydrogenation.
M-S bridge also protect to transfer thermal electron from C=C

bonds hydrocracking to metal surface, which cause not to cvoke
carbon making.

Fig. 3 shows the operationaf condition
4
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